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SUI^.IARY 

An examination of the cooling fins on several modern air-cooled 
engine cylinders slioi/ed large restrictions in the air- flow passages 
"between individual fins^ eopecially around the intake and exhaust 
ears of the cylinders^ vhen baffles that were in close contact with 
the fins were used. Tight-fitting baffles^ of MCA design^ for a 
cylinder from a Wright F(-1320-E enf^lne and for a cylinder from a 
Pratt 8c V/hitney R-280C-21 engine were altered to maintain a constant 
free-flow area from the front to the rear of each interfin air pas- 
sage. Each cylinder was moujited on a single- cylinder crankcase and 
tested^ first \7ith the ti.glit- fitting "baffles and then with the altered 
baffles. Tests at sea-level conditions were made at con.stant indi- 
cated horsepowers of 63 for the Pratt & Whitney cylinder and SO for 
the Wright cylinder (approximately cruising power in each case) with 
a fuel-air ratio of 0.08. The cooling-air pressure drop was varied 
from 2 to 30 inches of T-7at?r. Tomperatin^es T^ere maas^ored at 22 points 
on the cylinder hoad^ at 10 points on the cylinder barrel^ and at 
2 points on the cylinder flange. 

The results of this investigation showed that^ by modifying 
ti^ht-f itting baffles to maintain a constant free-flow area from the 
front to the rear of each intorfin air passage, the weight of coding 
ail' flowing over the cylinder heads for a given pressure drop was 
incroasod approxiinately 33 percent for the Wright R-1320-H cylinder 
and from 30 to 44 percent for the Pratt & l"':itney ^-2300-21 cylinder; 
the average head temperature of the Wi(-jlit F-IGSO-II cylinder was 
reduced about 40^ F; the toi'Tporaturc at one xDoint on top of the head 
near the exliaust ear i/as reduced 104^ F; the average head tenperatiu^e 
of the Pratt F:z Wnitncy i!-26C0-21 cylinder \m.B reduced approximately 
23^ F; and tho hottest point measured on tiie cylinder head reduced 
about 350 F. 
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DWEODUCTIOIT 

Most of the single- cy].inder cooling tests conducted by the NACA 
to date h^ve been made using baffles t:iat fitted tir?;htly against the 
fin tips because tests on electrically heated cylinder barrels (refer- 
ence 1) indicated that the best cooling of the b-rrelo was obtained 
with this baffle condition. The cylinder 3 of rof ^f^rci^nce 1 h.-d fins 
of constant width. Fin vidth at cirz' pclnt aloi^jg thr. fin is defined 
as the shortest distance br-twen the f i.i base and the fin tip at the 
point in question.. I±l^t ter-its of se"^o:^ra baffles showed^ moreovor^ 
that best hoat transfer ■*:/a3 obtained when the baffles were placed 
close to the fin tip53 (reference 2). 

Recent tests by the NACA on a Wright P-3.820-H engine cylinder in 
conjUTLCtion with baffles (of HACA desixi);. which fitted tichtly against 
the fin tips around the rear half of th^ -^ylindar^ showed several hot 
spots on the cylinder head near the e::hj'U;:.5t car that resulted in high 
average cylinder -cenperatures. EJ.ainination of the cylinder showed a 
large varication In the width of the individual fins frrom the front to 
the rear of the cyliniicr head, especially in the area around the exhaust 
ear. For the baffles in close contact with the fin tips^ the varieition 
of width of individual fins caused a similar varieition in cross- 
sectional area of the individual flow paths. At points the fins wore 
very narrow and the restrictions were very bad._, reducing the area in 
some cases to one fcuroh of the area upstream of the restriction. It 
was believed that these large reductions in free-flow area greatly 
restricted the flow and^ therefore^ that the cooling was impaired in 
front of and behind the restrictions, where the fin width ;/as large 
and the local mass flow pv w.s small. The local mass flow pv, as 
referred to heroin, is the product of the density p and the velocity v. 

':.;'ho tight-fitting baffles were therefore modified to oliJnJ.nate 
those restrictions for the Wright cylinder. These modified baffles 
gave a constant free- flow area throughout each interfin aii* passage by 
providing varying clearance between the baffles and the fin tips. 
Cooling ucsxs of the two t:ynpca of baffle wore made on the Wright cyl- 
inder movx.tod on a single- cylinder craniccase. As a result of those 
baffle tests for the "./right cylinder, the two t\r^0B of baffle were also 
tested on a Pratt & Wiitncy E-2800-21 cylinder momted on a single- 
c^rlindcr crankcasc. 

The detrimental effect of restrictions in the interfin flow paths 
was also noted in roforencc 3. The baffles of a Pratt & Vmitncy 
E-ie30-43 engine were modified to eliminate some of those restrictions 
with a consequent improvement in cylinder cooling. 

The purpose of the present report is to present a comparison 
between the cooling obtained with tight-fitting baffles and the cooling 
obtained ^n.th baffles revised to give a constant free-flow area from 
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the front to the rear of each interfin air passage. Both of thcs-a 
types of baffle v/ere of NACA design. Cooling tests at sea-level 
conditions v. ere made of each cylinder at constant fuel-air ratio and 
at constant pov.-er over a ranged of cooling-air pressure drop. The 
work was conducted at Langley Memorial Aeronautical Laboratory, Langley 
Field, Va., from July to September 19U2. 



APPARATUS AND PROCEDURE 

Test units, - The setup of the test i:^quipment is sho^.Ti in fig- 
ure r. A cylinder from a Vyright R-1820-H engine and one from a 
Pratt 5c V/hitney R-2300-21 engine were used. Each cylinder ;vas 
mounted on a single-cylindo-r crankcasc. A centrifugal blowc^r sup- 
plied cooling air to the engine through a duct. The cooling-air 
quantity v.^as m.-asured by thin-plate orifices mounted in the end of a 
tank connected to the inlet of the blow.:.r. A water brake and an 
electric dynamometer absorbed the power developed by the engine. 
Engine speed, +orque, and fuel consumption were measured vdth standard 
test-cnR:ine equipment. A Nash blower provided combustion air at 
dcsired'manifold' pressures. A surge tank was installed in the 
combustion-air system ahead of the carburetor. 

Paffles. - Sketches of the two types of baffle (both of NACA 
desigrT) used for both cylinders are shoTO in figures 2 and J. The 
baffles Y7ere connected to the blower duct by mieans of an adaoter, as 
indicated in figure 2, and covered only the rear lialf of the cylinder 
head and barrel.! The baffle-adapter combination, hereinafter denoted 
a jacket, enclosed the cylinder. The adapter formed a wide entrance 
section (see fig. 2) for the jacket giving low-velocity cooling air 
in front of the cylinder. In the original jackets, the rear half of 
the jackets fitted tightly against both the head and barrel fins, as 
shov:n in figures 2 and 3. 

The revised jackets were essentially the sane as the originals 
except that the portions of the jackets over the heads of both cylin- 
ders were modified to maintain a constant free-flow area from the 
front to the rear of each irterfin air passage. In the revision of 
the jackets, the profiles of the head cooling fins of varying width 
(the unshaded areas in figs. 1^ and b) were used. The numbers below 
the fins correspond to ti:iose in figures 2 and 3. The fins over the 
top of the Pratt f<. AQiitney cylinder head are prefixed by a T5 those 
around the exhaust side, by an Ej and these around the intake side, 
by an I. The restrictions to cooling-air flow in the original 
jackets are especially noticeable for fins 25, 26, 27, and 28 of fig- 
ure U and fins T-1 and E-10 of figure ^. Templets (shoTO by the 
sectioned areas) were made of a thickness equal to the fin pitch and 
of a sufficient width to maintain a constant free-flow area from the 
front to the rear of each interfin passage. The revised jackets 
wore ^^ado to fi^ over these templets. 
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Tempore. tvu'e- and presGiiro-'neasurinc devices. - Iron-constantan 
tliemiocouples in conjunction vibii a potenticjaotor vere used to measure 
the cylinder ^emperatiu^es. Temperature neasiu^eraento were iriade at 
22 pointo on the head^ at IC points on the barrel^ and at 2 points on 
the flange J as shovn in f ignores G and 7. The tenpeir'ature of the rear 
spark plug v.aa meas-Ji^ed "by a theimocouple imbedded in a special spark- 
plug gasket. The cold junctions of all thermocouples vere located 
in an insulated box. Temperatures in the cold- jvjict ion box, at the 
thin-plate orifices, and in the combustion-air surge tank vere measured 
with liquid" in- glass thermometers. 

The cooling air flowing over the c^rlinder head, was separated from 
that flowi?ig over the barrel by a partition (figSo 2 and 3)o It was 
therefore possible to measure the temperature of the cooling air flowing 
over the cy].inder head separately from that of the cooling air flowing 
over the barrel. The air- in tempo rat-are in each case was measured by 
a set of two theiTioccuples, electrically corjiocted in series and located 
ahead of the cylinder; the air-out temperatm'*e was measured by a set of 
fovir thermocouples, electrically conr.ected in series and located in the 
jacket exit. The cooling-air press^ire drop, which includod the jacket- 
exit loss, i/as measured by means of foujr equally spaced static openings 
in the larf^e air duct ahead of the c^'linder whoj^e the velocity pressure 
TTas negligible. These openings were interconnected by a ring sur- 
rounding the duct. 

Tes ts. - The cylinders ireve first tested with the origin^al jackets. 
Then the original jackets were altered as previously described and the 
cylinders were tested with the revised jackets. T.ie tests were con- 
ducted at a constant fuel-air ratio of 0.08 and over a range of cooling- 
air pressiare drop from approximately 2 to 30 inches of -vrater. The 
tests were run at a constant indicated horsepower of 80 for the Wright 
cylinder and G6 for the Pratt & TOiitney cylinder, which is in each case 
approximately cruising power. 



RESULTS AlTD DISCUSSIOn 

Effect of Restriction in Cooling-Air Flow 

Paths on Cylinder Temperature 

Compar^ison of cylinder tempo raT-.uJ-ros obtained wit..; original and 
revised jackets . - Table I gives differences between the temperitui-^es 
at 32 points on the T.^rlght cylinder and the inlet cooling-^ii' temper- 
atujre for two comparative series of data, one for the original jacket 
and one for the revised jacket. (See fig. 6 for location of thermo- 
couples.) The average head temperature Ty^ is the average of thermo- 
couples 13 and 15 through 34; the average barrell temperature T-j^ is 
the average of thermocouples 2 throv-gh 11, Because of small variations 



in coollng-air teraperati^res T^^ fron rim to rvji^ the tempei-atiire 
differences - T^^^ T^, - 'T^, and T->, - were considered better 
indexes of cooling than the cylinder teiD.peratures. 

The tafele shows that the hottest measured head temperature indi- 
cated by theimocouple 31^ vas reduced 59^ F by the revision and the 
next three hottest head teuperatures^ indicated by thermocouples 30, 
32, and 20, vei>e levered 104-^ F, 52^ F, and 30^ F, respectively. 
Tiiermocouple 30 'vas located in fin space 21 and thermocouple 31 was 
loca'ced in fin space 25, as shov/n in firjures 2 and These fin 
spaces \7ere of very irregular shape, as sho\/n by fi^a"^e 4. The re- 
ductions in tenperat.ures obtained by revising the Jacket to obtain 
interf in passages \r±tl\ oonstaut free-flow area s'low the poor cooling 
that resulted, for the conditions of these tests, when the baffles 
were fitted tightly against an irregularly shaped fin. 

The explanation foi" th:e red'.iction in cylinder temperature at ther- 
mocoui)les 28 and 32 for the revised Jacket, even though these thermo- 
couples were not located in an inter*fin passa^'e of irregu3-ar shape, 
is that the entire exhaust side of the head was cooler becaviso the fins 
across the top of the head near the exhaust ear were used more effec- 
tively with the revised Jacket than witj: the original Jacket, It is 
reosonable to expect that at the same pressure drop there is^s little 
difference in local mass flow between the fins at the point of minimum 
fin width when either the origJ.nal or the revised Jackot '/as used. 
Therefore, an^^ Improvement obtained with the revised Jackot at this 
point may be largely attributed to the increase in cooling obtained 
at sections ahead of and behind the restriction. The increase in 
cooling at these sections is caused by the incroaso in mass flow 
resulting from the removal of the restriction. Cooling is probably 
loss sensitive to chianges of flow conditions when the ma,in portion of 
the fin is upstream from the restriction tl'ian when it is dorastroa^-a 
because the air migl'it ha,vo a tendency to separate from the fin-base 
surface and fol.low the inner surface of the baffle instead of sw;. oping 
over the entire f in-LiUJi'facc area. 

The data in ta.ble I show th&.t the average head, average barrel, 
and rear spark-plug- gasket temperatures of the Wright cylinder -^jctg 
reduced 42^ F, 35^ F, and 30^ F, respectively, by the revision of the 
Jackot, The Jackot revisions caused a reduction in temperatua^e over 
the top of the head of approximately 60^ F and an average reduction in 
tomporatujre of aboub Z?P F for the lower portion of the head having 
circ-olar fins. Since the revision was made to orily the portion of 
the Jacket that covered the top of the head, it is reasonable for th^t 
portion of the head to be affected more by the revision than the lower 
portion. The decrease in barrel temperature is explained by the fact 
that the head was cooler for the revised Jacket, which caused a deoreaso 



in heat flow from the head to the barrel. In addition, the reduction 
in piston temperatures resulting from the improved head cooling further 
reduces the heat flo^r to the barrel (reference U). 

Two factors that affect barrel temperatures are the heat given up 
to the lubricating oil and the blov-by past the piston rings. Because 
the effect of these factors was not determined for the tests of this 
cylinder, no conclusions can be dram from the barrel temperatures. 
An examination of cooling data for the tvvc jackets for this cylinder 
did indicate, however, that the decrease in average barrel temperature 
due to im.proved head cooling should be of the order of 60 percent of 
the decrease in average head tem.perature. This examination consisted 
in plotting average head temperature against average barrel temperature 
for both Jackets. The data were obtained from unpublished tests in^ 
which the follovdng items were varied; indicated horsepower, fuel-air 
ratio, spark setting, carburetor-air temperature, and cooling-air pres- 
sure drop. This plot showed an approximate relationship betv/een aver- 
age head and average barrel teraperat-ures; and, for the range of temper- 
ature considered in this paper, this relationship indicated that, for a 
change in average head temperature, the average barrel temperature 
should change by the amount previously mentioned. A further examination 
of these cooling data indicated that the value sho \^jn in table I for ther- 
m.ocouple 9 for the original jacket is erratic. 

Table II gives the differences between the temperatures at 32 points 
on the Pratt & Y/hitney cylinder and the cooling-air temperature ahead of 
the cylinder for two comparative series of data, one for the original 
jacket and one for the revised jacket. (See fig. 7 for thermocouple 
locations.) The average head temnerature Tv^ is the average of temper- 
atures of thermocouples I3 and 1^ through ^hi the average barrel 
temperat'ore T^ is the average of thermocouples 2 through 11 0 

Table II shows that the hottest head temperature, indicated by 
thermocouple 29 (see fig. 7 for location), was lowered F by the 
revision. The next three hottest head temneratures, indicated by 
thermocouple Jl (fin space T-16, fig. 3), thermocouple 30 (fin space T-9, 
fig. 3), and thermocouple 27 (fin space E-13;. fig- 3) ^-^^ reduced 9^ F, 
22^ F, and 25^ F, respectively, by the revision of the jacket. Although 
thermocouple 29 was not in an interfin passage, it was located directly 
behind an irregularly shaped interfin passage, which explains the 
reduction in temperature at this point obtained by revising the jacket. 
Several other thermocouples located in irregularly shaped interfin 
passages were thermocouples 2I4, 2^, and 32 (fin spaces I- 3, I~3, and 
E-U^ respectively, fig. 3). The temperatures at the rm.o couples 2U 
and 25 were reduced F and l6^ F, respectively, but tne temperature 
at thermocouple 32 was increased 10^ F by the revision. The average 
head and rear spark-plug-gaskeb temperatures were reduced 23^ F and 
F, respectively, by the revision. 
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The data in table II indicate that the average barrel temperature 
was decreased 26^ F. Inasmuch as the head pcrtion of the jacket was 
the only part altered^ the average barrel temperature could not have been 
lowered more than the average head temperature. An examination of 
cooling data (similar to the examination for the Wright cylinder) for 
this cylinder indicated that the decrease in average barrel temperat^ore 
due to improved head cooling should be on the order of 70 percent of the 
decrease in the average head temperature or that tne average barrel 
temperature should be decreased only about l6^ F instead of 26^ F for 
a decrease of 23^ F in average head temperature. The apparent discrep- 
ancy is believed to be due to tvv'-o factors. It was found that the oil 
pressure to the cylinder-liner spray, which sprayed oil on the piston 
at the bottom of the stroke, was greater for the tests of the revised 
jacket than for those of the original jacket. Tests were made to 
determine the effect oi this factor and it Vv^as found that the higher 
oil pressure for the revised jacket tests lowered the average barrel 
temperature 6^ F but had no effect on the average heal temperature. 
The second factor is that the piston rings were replaced after the 
original jacket was tested and before the revised jacket was tested. 
Although no change in power was observed for v/ide-open thi'ottle for the 
two cases, it is believed that the piston rings were not in as good con- 
dition for the case cf the original jacket a:j for that of the revised 
jacket because of different lengths of service. The cylinder, therefore, 
had m.ore leakage past the pistcu rings for tests of the original jacket; 
and the sweeping of the hot gases over the inside cylinder wall caused 
the average barrel temperature to be increased, which is a possible 
explanation for the decrease in barrel tem.perature not accounted for by 
the change in oil pressure. Because no change in power was observed 
for the two cases, it is believed that the change in piston-ring con- 
dition did not affect the average head temperature. Because this 
inconsistency exists, no conclusions can be drawn from the barrel data. 

Although the cylinder-head temperatures were not lowered nearly 
so much for the Pratt & vVhitney cylinder as for the Wright cylinder, 
they definitely show that the cooling of the Pratt & Whitney cylinder 
was im.proved by the revision. It may be noted from figures U ^md 5 that 
the restrictions in the interfin passages are much less for the Pratt & 
Whitney cylinder than for the Wright cylinder, especially for the case 
of the interfin passages around the exhaust ear of the cylinder head. 
(See fin spaces 19 to 2); in fig, (4 and fin spaces T-10 to T-17 in 
fig. 5'.) The revisions to the jacket over the top of the head reduced 
the average cylinder temperature in this locality only about 1^ F, 
but the revisions miade on the sides of the head reduced the tem^peratures 
around the lower portion of the head approximately ■j>$ F. 

Effect of cooling-air presoure drop on average cylinder temper- 
atur--, - The effect of the revision on average head and average barrel 
t.-jmperatures for the Wright cylinder and for the Pratt & Whitney cyl- 
inder over a range of cooling-air pressure drop is graphically shown 
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in fi^zure 3. It is noted from figure 8(a) that, for a ranfze of 
pressure drop from 2 to JO inches of v/ater, the avera.^e head tem- 
perature was reduced 30^ F to hO^ F and the average barrel tempera- 
ture v/as lov/ered 20^ F to 2^;^ F by revising the tight~f itting jacket 
for the ';;right cylinder. The reason for the reduction in barrel 
temperature'has been previously given. Figure 8(b) sho^^s that the 
average head temperature for the Pratt &- Whitney cylinder was lowered 
approximately 20^ F by the revi3ion. The curves indicate that the 
average barrel tem.perature of the Pratt & Whitney cylinder v^^as lowered 
more than the averar^,e head temperature by the revision. This discrep- 
ancy has been previously explained. 

The curves also show that the revised jacket for the Wright cyl- 
inder requires an average of approximately 60 percent of the pressure 
drop required by the original jacket to maintain a given average head 
temperature. The revised jacket for the rratt -^i Whitney c/linder 
requires an average of about 70 percent of the pressure drop required 
by the original jacket to miaintain a given average head temperature. 
Additional calculations shov/ed that, even though the revised jackets 
required more cooling air for a given cooling pressure drop than the 
original jackets, the cooling power for maintaining a given average 
head temperature was considerably lower for the revised jacket because 
of the great reduction in cooling-air pressure drop. Cooling horse- 
power is represented by v/here Q is the quantity of air flovv, 

cubic feet per second, and Ap is- the press-ore drop across the cylinder, 
pounds per square foot. 

Effect of jacket revision on relationship between rear 2park- plug- 
gasket temperature and average head temoerat^ore . - Figure 9 gives the 
relationship between the rear jf.park-olug-gasket tem.perature and tne 
average head temperature for both cylinders with the tv/o types of jacket. 
From figure 9(a) this relationship is, by a coincj.dence, the same for 
the original and revised jackets for the Wright cylinder. Figure 9(b), 
however,' shov/s that this relationship is different for the tvro jackets 
for the Pratt ^< Whitney cylinder. Over a range of average head tem- 
perature from UOO^ F to UQO*^ F, the rear spark-plug-gasket temperature 
for the revised jacket is an average of about 32^ F higher for a given 
average head tem.perature than that for the original jacket. For a 
given cooling-air pressure drop, however, the rear spark-plug-gasket 
temperat^ures for the two jackets are about the same, as is shown in 
table II. Because the cooling criterion at the present time is the 
rear spark-plug temperature and because the jacket did not improve the 
cooling of the rear spark plug, the revised jacket vfill require as large 
a cooling pressure drop as the original jacket to maintain a given rear 
sr^ark-plug temperature, even though the other cylinder temperatures 
are lower c 
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On the other hand, the rear spark-plug temperature is the cooling 
critericn only because there are relationships between it and other 
cylinder temperatures (average head and hot spots). These relation- 
ships for a cylinder are true only for a given set of baffles. If 
baffles other than those for which the rear spark-plug-temperature 
limits were set are used, nevf spark-plug-temperature limits must be set 
that give weight to average cylinder temperatures and to hot-spot tem- 
peratures. It must be" noted that none of the baffles reported herein 
were the manufacturers » baffles and therefore that the limits of the rear 
spark-plug temperatures set by the manufacturers do not necessarily apply 
to these baffles. Hence ^ the only fair bases on which to compare the 
two types of baffle described in this paper are the average cylinder 
temperatures and the hot-spot temperatures, Fromi this viewpoint, it 
appears that tne Pratt a l/Vhitney cylinder could be operated at higher 
rear spark-plug temperatures (but at the same average head and hot-spot 
temperatiores) with the revised jacket than with the original jacket and 
consequently at a lower cooling-air pressure drop. 



Effect of Restrictions in Gooling-Aii' Flow 

Paths on Cooling-Air Mass Flow 

It may be seen in figure IC that the cooling-'air mass flo7/ across 
the heads of the cylinders for a given pi^essure drop was increased 
approximately 36 percent for the Wright cylinder and from 30 to per- 
cent for the Pratt & Whitney cylinder by the revision. It is apparent 
that the revision should increase the mass flow over the cylinder heads 
because the free-flow area was increased. This increase in mass flow 
m.ay be considered a good measure of the restrictions present when tight- 
fitting baffles were used on these cylinders. Since the revision was 
necessary for only a few of the passages, it can be seen that these 
passages were restricted greatly by the nonuniform width of the indi- 
vidual fins, Inasm.uch as the barrel portion of the jacket was not 
altered, the curves of figure 10 showing the mass flow across the 
barrel should coincide for the two types of jacket for each cylinder. 
A fair check was obtained. 

The increase in mass flow c:.cros3 the cylinder heads resulted in 
some cases in the feeding of r.:'latively fresh cooling air to the rear of 
the passages. This effect is very desirable because, in general, the 
cylinder temperatiores are higher at the rear than at the front of the 
cylinder and the fresh cooling air would tend to reduce the rear- 
cylinder temperatures. 



GEJffiRAL DISCUSSION 

The results of this investigation have shown that, for the con- 
ditions of these tests, a large improvement in cooling can b- obtained 
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cn cylinders having nonuniform width of the individual fins and tight- 
fitting baffles by varying the clearanca between the fin tips and the 
baffles to maintain a constant interfin flow-path area. Examination 
of several service-type engine cylinders with their production-type 
baffles has revealed similar variations in the width of individual fins 
and the use of fairly small clearances (l/8 to 5/l6 in.) between the 
baffles and the fin tips. The clearances between these production-type 
baffles and the fin tips, however, are not so small as those of the 
original baffles of this investigation. The authors believe, therefore, 
that the improvem.ent in cooling to be had by revising these prcduction- 
type baffles will not be quite so large as the improvem.ent reported 
herein. 

Research on these air-cooled aircraft engines should be conducted 
in order to determine the magnitude of the improvement obtainable by 
revising their production- type baffles in the manner previously 
described. If ' such research indicates that cooling is as sensitive 
to the clearance between the baffles and the fin tips as was indicated 
in the present tests, care must be exercised in the construction of 
baffles for multicylinder engines to make this clearance the same for 
■all the cylinders. This special care in baffle construction would 
'eliminate irregularities in temperature distribution between cylinders 
resulting from variation in flow caused by a difference in baffles for 
different cylinders. A revision of the nature described herein would 
neither increase the weight of the baffles nor m.ake the manufacture 
and installation of the baffles more difficult. 

Even though the baffle revision described in this report tends 
to offset cooling difficulties resulting from fins cf irregular shape, 
care should be exercised in future cylinder design to eliminate irreg- 
ularities in fin shape. Where it is impossible to eliminate these 
irregularities in fin shape, however, the baffles should be designed 
to correct them. 

The modified baffle of the present investigation fitted tightly 
against the fin tips over the entire rear half of the cylinder where 
the individual fins were of uniform width. Other than rem.oving the 
restrictions in the interCin passages, no attem.pt was made to ..obtain 
a uniform temoerature distribution around the cylinder. Other 
investigators (references 3 and 5) have found that a more uniform 
temperature distribution and also a reduction in tem.oerature at the 
rear of the cylinder may be obtained by leaving a clearance between 
the baffles and the fin tips at the leading edge of the baffle and by 
miaking the baffle fit tightly against the fin tips at only the rearmosi 
portion of the cylinder. Even though the temperatures at the front 
of the cylinder were increased by this revision, the critical temper- 
atures at the rear of the cylinder were reduced. This baffle modifi- 
cation merits consideration because the temperatures at the rear of 
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the cylinder ar<^ almost invariably higher than these at the front and 
also because it is usually desirable to have a uniform temperature 
distribution around the cylinder. 

SUMMARY OF RESULTS 

For the Wright R-1320-H and the Pratt & Whitney R-2800-21 cylinders 
having fins of nonuniform width, the major results obtained with tight- 
fitting baffles revised to rr.aintain a constant free- flow area from the 
front to the rear of each inter fin air passage were: 

1. The weight of cooling air flowing across the cylinder heads 
for a given pressure drop was increased approximately 56 percent for 
the Wright cylinder and from 30 to IJi percent for the Pratt & Whitney 
cylinder. 

2. The average head tmperature of the Wright cylinder was reduced 
about UO^ F and the temperature at one point •':^n top of the head near 
the exhaust ear was reduced 10).;^ F. 

3. The average head temoerature of the Pratt gc Whitney cylinder 
was reduced approximately 23^ F and the hottest point measiured on the 
cylinder head ( thermocoupl? 29) was reduced 3^^ F. 
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TABLE I. - COvrPARISOr OF INDraDUAL ANi) AVERAGE CYLINDER 
TEMPERATURES OBTAINED '/ITH ORIGH^IAL AND REVISED 
JACKETS ON A WRIGHT R-1320-H CYLINDER 





! 


Origin-;] 
jacket 


L Revised 
jacket 


1 




Cooline:-air pressure drop, in. '.v^ter 


5.10 


5«02 






Indicated horsepower 


bo 


30 






i-Yi el-air ratio 


0,08 


0.C8 






Head temperature minus 

" ^ cooling-air tenper- 

Thcrrnocouple ature °F 
number | — > 

i "' 




( 

; T - T 

j X a 

i 
1 


Reduc- 
tion 




13 
15 
16 
17 
18 

19 
20 
21 
22 
23 
2h 
25 
26 
27 
?8 

29 
30 
31 
32 
33 

3)4 


3^0 
281 

167 
219 
315 
32h 
312 
328 
2^3 
168 
228 
191 

386 
361 

ri62 

^16 
393 
369 

3lt6 


i 302 
1 227 
i 208 
131 
221 
i 288 

i 280 
1 253 
1 209 
167 
218 
i 137 
261 
( 356 
321 
3^8 

311 

321 


^ ~R 

5I4 
2? 

6 

— c 

27 
32 

1 

10 
5I4 
73 
30 
iiC 
ICh 
69 
■^2 
118 
66 




^'-^---^^^^^Barrel temperature minus 
Thermo-^^"'"^"^^^"-^— -il^^li-^g-^^i temper^ 
couple Txumber 1 ^^"^-^^-^Z ^ 




Tx - T, 


Reduc- 
tion 




o 
c. 

3 

ii 
< 

6 

I 

9 
10 
11 


223 
223 

lit \ 

192 ! 

19^ 
2^5 

207 

231 


2C3 

165 

223 
153 
160 
185 
17c 


20 

2c 

20 
3? 

60 




Average head temperature mihun 
cooling-air temperature (Th-Tn),°F 


3I1 


1 

269 I 


12 \ 




Averare barrel terapsrature minus 
cooling-air temperature (Ti3-Ta},"F 


215 


1 

180 1 






Rear spark-plu;.f-7aslcet temperature 
minus coolinp-air temperature, °F 


3^1 


f- 

•-^21 ! 

, 1 


I 

3^ : 
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TAB IE II. - COMPARISON OF IKDIVIDT'AL AND AVERAGE CYLINDER 
TE?>?rER.ATURES OBTAINED WITH OHIGBJAL AND R-jVISED JACKETS 
Oil A PRATT WHITHEY R-2800-21 CYLINDER 



Cooling-air pressure drop, in. v^ater 


Oripinal 
jacket 


jacket 




11.2 


11.3 




Indicated horse]-ower 


66 


' 66 




ruel-air ratio [ 0.08 


0.08 




Head teiTi/^'erature minus 
^"^^--^ coolin.^~air temoer- 
TherTiocouple^----..^ ^ ^ture 
munber ^^"^^^^^^^^^^^ 


m rr 


! Tx - Ta 


Reduc- 
ticn 


15 
1^ 
16 

18 

19 
^0 
21 

c. c. 

il 

26 
27 
28 

29 
30 

31 
32 

3h 


230 
2'4l 
220 

17 

172 

213 

190 

19? 

201 

li49 

i 190 
1 llij. 

29x 
320 
2S^ 
507 
23.'i 

20 r 

21: 


216 
I6ii 
1H6 
lli7 
180 

18 p 

172 
190 

19 5 
118 

17U 

2ts 
216 
285 
263 
298 
2lh 

217 


Ih 
77 

28 
22 

2c 
i 

16 
18 
29 

6 
38 
'22 

9 

-10 

28 


Barrel teniperature rn inus 

Therm^-^^--^.^^^^^i^^^-^%i^ ^""^f- 
cou;;le number | '^--^.^ ^ 

-■ ■ ■ ■ ■ — — ^— _ 1 , "W 


. ... 

Tx - Ta 




Reduc- 
tion 

r 


2 
3 
h 

1 
I 

■9 
10 

11 


15-'' 
127 
108 
116 
liih 

HQ 

lOU 
122 
120 
V5< 


ICO 
90 
81 
95 

123 
?3 

0 ( 
93 

91 

110 


83 

on 

29 
27 
21 
21 
21 

1 7 

?h 
29 


Aver-^fe hend temperature minus 
cooling-air temperature (Tij-T^^),^? 


222 


199 


23 


Average barrel temper-^ ture minus 
cooling-air temporature (Tb-T.c, ),'^F 


121 • 


98 




Rear S].?rk-pluf^- ;,^.sket tem^;erq ture 
minus cooling-air temperature, ^F 


232 
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Fig. I 
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FIGURE 2. -GENERAL OUTLINE OF ORIGINAL AND REVISED JACKETS 
AROUND WRIGHT R-I820-H CYLINDER. 




FIGURE 3. -GENERAL OUTLINE OF ORIGINAL AND REVISED JACKETS 
AROUND PRATT A WHITNEY R-2800-21 CYLINDER. 
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FIGURE 4. - RELATIVE POSITIONS OF ORIGINAL Awn 

A.JSrSi^ CYLINDER HEAD. HATCHING INDICATES 

^«.5.Vn7 BAFFLE WAS BROUGHT OUT FROM 
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27 AND 28 
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T-13 T-14. 

fa) OVER TOP OF CYLINDER HEAD 
FIGURE 5. -RELATIVE POSITIONS OF ORIGINAL AND 
REVISED JACKETS WITH RESPECT TO FIN TIPS 
OF PRATT a WHITNEY R-2800-2I CYLINDER 
HEAD. HATCHING INDICATES AMOUNT BAFFLE 
WAS BROUGHT OUT FROM ORIGINAL POSITION 
IN ORDER TO OBTAIN A CONSTANT FLOW- PATH 
AREA. 
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Figure 5.- Three uieus of yrighf cylinder shou/ing 

location of t hertnocou pi es. 




Figure 1. - Three views of Pratt and Whitney R-2800-21 cylinder 

showing location of thermocouples. ^ 
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Fig. 8a , b 
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Ap 9^^7o, in. water 
(a) Wright R-I820-H cylinder. Indicated horsepower^ 80. 




12 16 20 

Ap ^^^^^ 
(b) Pratt a Whitney R- 2800-21 cylinder. Indicated horsepower, 66. 
Figure 8.*" Effect of jacket design on overage head and overage barrel temperature 
(corrected for variations in cooling-air temperature). Fuel-air ratio, 0.08. 



